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The intention was to study the changes in the composition of the blood in the newborn infant during the first 48 hours of life by taking capillary blood samples from the heel at frequent intervals and using a development of Sanz's (1957) ultramicrotechnique for the analysis.
Material and Methods
The subjects of the study were normal infants born in hospital of healthy mothers by normal delivery. The cord was clamped at once after birth. In a subsequent paper the effects of various abnormalities of birth are examined. Sodium and potassium were estimated by flame photometer in a dilution of 10 micro litres (,lI.) in 5 ml. water; chloride by iodometric titration using silver iodate; calcium by adapting Wilkinson's EDTA titration method (1957) for 201l. serum; totalprotein by biuret using Natelson's (1957) technique; urea by a urease method modified from Archer and Robb (1925) ; sugar by a modification of Nelson-Somogy's (Natelson) using 10 V..; inorganic phosphorus by an adaptation of Natelson's method; and lactic acid by adapting Barker and Summerson's (1941) method using 10 ,ul. serum. Haematocrit was estimated by using thin even bore heparinized capillary tubes. Cell potassium was estimated by taking 10 V.I. whole freshly mixed blood in 5 ml.
water, centrifuging, and estimating in the flame photometer.
The blood was taken from a heel using the technique described by Wilkinson (1960) , but first covering the skin with sterile petroleum jelly and collecting in plastic tubing with a sealed end and a diagonally cut top containing 10 pul. of a heparin solution. Blood for sugar, phosphorus, and lactic acid was collected separately in a small tube containing fluoride and oxalate. A total of about 1 ml. was collected at 1, 2, 3 ,5, 7, 9, 11, 19, 24, 36, and Results Plasma Potassium. Table 1 shows the mean and the range. It will be seen that the cord blood has a high value, 7 -79 mEq/l., falling quickly at 1 hour and then slowly for the next 48 hours with a slight secondary peak at 3 hours. The most probable reason for the high cord value is the acute acidosis caused at birth by transient anoxia (James, 1960) . (Table 2) , but the values show a fairly well-marked inverse relation to the changes in the level of the plasma potassium, suggesting that the changes are at least partly due to transfer to and from the cell to the plasma -(these estimations were made following a discussion of the work with Professor R. A. McCance). Plasma Sodium. It will be seen from Table 3 that the mean cord plasma sodium is slightly higher than the mean adult level. There is a fall in the sodium occurring in nearly all subjects during the first 12 hours, which is shown in the mean value as occuitring 134 mEq/l. This fall cannot be due to loss of sodium in the urine, which is quite small during the first few hours of life, and the subsequent rise equally is not due to feeding, as in this series the policy was to give very little fluid in the first 24 hours and only a small increase in the second day. This increase in sodium has been attributed to loss of water which, if not replaced, leads to a degree of dehydration and an all round increase in the concentration of the blood constituents (Smith, 1959) . The fall may be due to a transient fall in the circulating mineralo-corticoids or aldosterone, causing a temporary transfer of plasma sodium to the intracellular fluid.
Plasma Chloride. The changes in the chloride level are small and seem to bear no relation to the changes in the sodium level (Table 4) , though large individual differences exist as shown by the wide range. Inspection of the individual curves shows that in the main there is not a great amount of variation during the whole 48 hours. Other authors' levels for cord blood are Overman et al., 109, Osterlund (1955) 97, McCance, 110, Kaiser and Goodlin (1958) 104, Oliver et al. (1961) 107 mEq/l. (Table 6 ).
The initial fall can be quite large in some subjects, up to 25 mg./100 ml. This cannot be explained by urinary secretion as this is almost nil during the first hours of life. It is probably due to utilization of urea for enzyme protein formation (Giordano, 1963; Houpt, 1963 (1947, 1954, 1955) . No record has been found of the initial fall. Blood Sugar. The value of the blood sugar depends to some extent on the method of estimation. The method used here was for so-called 'true sugar', but it gives a higher result than the more specific glucose oxidase method by an average of 10 mg./100 ml. The difference represents other reducing sugars. The results show a level that is low by adult standards (Table 7) . There is also a wide range, the lowest value being 29 mg. at 24 hours. There are also several high values, the highest being 144 mg. at 11 hours. These high values are sharp peaks and not a Pederson (1952) and Farquhar (1954) .
Lactic Acid. The high value in the cord blood is caused by two factors: the maternal blood lactate level is raised during labour and thus accounts for part of the increase (Table 8 ). The period of anoxia at birth accounts for the balance. As soon as the Total Plasma Protein. The plasma protein level increases in the first hour (Table 9) , due probably to loss of water from the plasma in the large calibre vein of the cord when compared with the plasma from the capillaries, as, with the changes of intravascular pressure in relation to tissue pressure caused by the alterations occurring at birth, the osmotic pressure of the plasma protein is insufficient to retain as much water as in utero. After this initial adjustment, the protein level is constant for the rest of the first 24 hours, but there is an increase in the second 24 hours, quite possibly due to the haemo-concentration seen in the sodium levels. The values reported show some variation: Denzer, Reiner, and Weiner (1939) 6-04, Rimington and Bickford (1947 ) 6-53, McMurray, Roe, and Sweet (1948 ) 6-0, Gairdner, Marks, Roscoe, and Brettell (1958 ) 6-5, Solomkin and Tauber (1959 Packed Cell Volume. This shows a short rise from cord to capillary at 1 hour and a slower rise up to 3 hours (Table 10) . After this there is a steady fall, despite the haemo-concentration for the rest of the 48 hours (as mentioned above under Plasma Sodium).
As Gairdner et al. (1958) have shown, it is important to consider the size of the vessel from which the blood is taken. As a check, immediately after taking the cord blood at birth, capillary blood was collected from the heel in 3 babies. An interval of 5-10 minutes was inevitable between the time of collecting the two specimens, and the results of a full analysis are shown in Table 11 . It will be seen that the PCV is higher in all 3 8-38 7-3-9-2 5 7 8-32 7-1-10-0 5 12 8-22 6-9-10-2 5 18 7-84 6-9-9-4 5 24 7-7 6 2-9 0 5 36 8-02 6-1-9-9 5 48 7.94 5-9-9 7 5
Serum Calcium. The technique used for estimation of calcium described by Wilkinson (1957) givesresults averaging 0 8 mg. lower than the more usual oxalate method. There is a progressive fall of the calcium from birth till about 36 hours or occasionally longer (Table 12 ). This fall is not inversely connected with the level of phosphate as has been suggested, since for much of the time both fall together. It is more likely due to a temporary dysfunction of the parathyroids.
Values for calcium are given by Bakwin (1937) group.bmj.com on April 5, 2017 -Published by http://adc.bmj.com/ Downloaded from endogenous events occurring within the child, and an endeavour has been made to explain these in terms of known biochemical responses to the stimuli resulting from the events of birth and adaptation to independent existence. Not enough is known, however, to enable a clear picture of the causes of these changes to be made. In a subsequent paper, changes due to unphysiological situations will be reported.
Summary
The changes in the plasma sodium, potassium, chloride, phosphate, urea, sugar, lactic acid, calcium, total protein and packed cell volume during the first 48 hours of life have been reported and briefly discussed.
